Abstract: Forest plantations have increased in South America for several decades. Harvesting is performed mainly through contractor companies. Our hypothesis is that logging contractors that innovate, grow more than others. We analyzed logging contractors through production and innovation, working in Argentina (22), Brazil (35) and Uruguay (10), through surveys between 2008 and 2012. Factors that affected firm growth were analyzed with linear mixed effect models. In all three countries there was a preponderance of logging contractors with cellulose companies. Our results show that logging firms that had mutualistic supply chain relations with the contracting organizations had better production indicators and lower cost per ton than other independent harvesting contractors. In the last 10 years, mechanization increased significantly, reducing the number of employees. Innovation was the most significant variable in enhanced logging production. For the period from 10 to 5 years before the survey period, the number of employees and type of contracting company were most significant on loggers' growth. During the last 5-year period before the survey period, the number of employees and innovation were significant. Thus, during the last 10 years, logging companies shifted from growth based on type of the firm to the amount of innovation by firms, and contracting companies.
Introduction
Timber harvesting is one of the primary costs of supplying raw material to forest products firms, often exceeding the cost to grow the trees themselves. The timber harvesting (including transport) in forest plantations is considered as one of the main activities in the determination of the costs of the raw material for industries [1] [2] [3] . In the Southern Cone of South America, forest harvesting activities are carried out through logging contractors that have emerged through the phenomenon known as outsourcing. This is the most common approach for a company that owns forest plantations. In forest products timber harvesting, relations are determined by asymmetric situations, where contract negotiations take place at multiple levels, and involving contract price, working conditions, financial support, professionalization, and processes of certification [2, [4] [5] [6] [7] . Logging firms occupy a unique to improving the safety standards, which implies discarding old machines and replacing them with newer and improved models. Lastly, the environmental considerations impacts, which affected the cost of the operation, were considered [2, 5, 6, 8, 10] .
The productive restructuring in enterprises is occurring mainly under the introduction of both technological and organizational innovations and management, seeking to achieve integrated and flexible forms of work. Forestry companies are developing and implementing different business models of management and organizational structures, in order to modify their forms of production and/or provide services required.
Hodgson [14] presents three explanations about why the firm can grow and why there may be limits to the growth of the firm-internal conditions (capacity directive), external conditions (product or market factors), and the internal combination (uncertainty and risk).
It should be noted a related question is whether harvest contractors have exceptional entrepreneurship; or better yet whether successful contractors are those that have used innovation as a tool for growth. However, this question could be at odds with the outsourcing, in some cases, where the contracting firm has a large measure of control over contractors. Too much corporate control negates the advantages of independent contractors, giving them very little ability to innovate, and its growth would be strongly linked to the designs of the contracting company [2, 6, 8] . In fact, integrated forest products firms had their own logging crews in the U.S. South in the 1950s and 1960s, but those crews were less productive and required greater fringe benefits for social insurance payments than small independent crews. Thus the large companies dropped their own crews and moved to independent contractors.
Hultåker and Bohlin [5] , through interviews developed with contractors, harvest manufacturers, entrepreneurs and forest owners, identified three types of contractors according to the intensity of the activity: (i) contractors who took active initiatives and were trying to develop products and services for the market, (ii) contractors who reacted to the customers' demands but did not take their own initiatives, and (iii) passive contractors who did not make efforts to develop new products or services. The development efforts of the contractors were in many cases triggered by external factors beyond their control. However, there also seemed to be a need or predisposing factor to the action prompting the developments when opportunities appeared.
Commonly, forestry has a close interdependence of contractors and customers in most of the countries where this activity is important [8, 13, 15] . Mäkinen [16] applied the Porter's competitive strategies and found that successful contractors of Finland showed a very long-term relationship with a client-up to 20 years-a good use of operational capability, and not too large an operating radius. Prudham [4] in Oregon, USA, has recorded two different contractors' patterns. The first one was based on a relatively broad contracting offer, the other presented repeated contracts between the same parties over a long period of years.
Here, we (i) developed production models of logging contractors that consider innovation and management skills in each sector and country in the Southern Cone-Argentina, Brazil and Uruguay-in order to identify necessary attributes of progress as a company and the relationships among logging contractors in the forest products supply chain; and (ii) evaluated the growth of logging contractor companies in the last 10 years, related to contractors, mechanization, operation, age of company, and country effect. We examined these two perspectives in this research, which are likely to influence the efficiency and profitability of logging contractors.
Materials and Methods
The framework employed in this study was in part previously described in Mac Donagh et al. [9] and was based on personal interviews with logging contractors working in timber plantations in three countries of the Southern Cone: Argentina (Misiones and Corrientes Provinces), Brazil (Parana, Santa Catarina and Rio Grande do Sul States), and Uruguay. Personal interviews were a common method previously employed [2, 6, 8] . Authors like Okey and Visser [17] and Conrad et al. [10] have used information from large surveys involving government and loggers' associations. As we included loggers from three different countries, so personal interviews were the most appropriate method to obtain the information. The data survey was carried out between years 2008-2012, and in total we interviewed 67 logging contractors-22 from Argentina, 35 from Brazil, and 10 from Uruguay. All the interviews used the same questionnaire, which provided the data for the models described below. This covered production, costs, the level of mechanization, species, type of operation, type of contracting, and country. With the aim to validate the questionnaire, an independent sample test was made in Brazil, by one researcher from Santa Catarina State University, with five logging contractors, giving congruent results.
The Evolution of the Contractors as Entrepreneurs
Interviews with the contractors included both successful and unsuccessful firms in terms of the company's growth, to obtain a wide variation in the sample. This range of firm levels allowed us to characterize entrepreneur profiles in each situation and distinguish the better from the poorer entrepreneurs. Successful contractors demonstrated an entrepreneurial spirit [5, 8] . They expressed motivation, positive attitude, spirit of innovation, and transformation of difficulties into opportunities. In this context, innovation becomes the new paradigm to motivate the development of enterprises. Innovation is defined as the realization, combination, or the synthesis of knowledge in new, relevant, valuable products, processes or services. This definition of innovation is the most frequently used in the literature of the forestry industry [8, 18] . In an organization, innovation capacity is a cultural attribute of companies ( [19] ).
Hultåker and Bohlin [5] , Benjamin et al. [20] , and Okey and Visser [17] found that success was demonstrated by firm growth, despite being a contractor. Successful firms had productive diversification, a multiplicity of customers, professionalism, and the use of management tools for the enterprise. These factors typified an innovative attitude. In contrast, some less-successful contractors acted more as implicit, dependent employees of a company. They had more of a mutualistic relationship with their success linked exclusively to the level of production and did not for example, have a cost management system. Per the previous studies, the various criteria and parameters of the innovation that might lead to loggers´success were synthesized to guide review of the survey results for this research. Those factors used here are presented in Table 1 . With five exceptions in Brazil, all the interviews were carried out by the lead author. The data were used as continuous variables in mixed linear regression analysis such as those described by Bell and Jones [21] . For this, the eight parameters assessed were grouped into two major groups that focused on two concepts of innovation and the business [2, 11, 22] , which as described above are not necessarily competing.
We adopted the postulate for characterizing firms developed by Cameron and Quinn [19] , Crespel and Hansen [22] and Milner and Kubota [23] in the sense of considering the organizational environment of enterprises, and grouping the arguments of the Table 1 according to the dimensions laid down in four quadrants. These are administrative (bureaucratic) companies versus entrepreneurs in the horizontal shafts; and companies with a focus on the organization, or with a focus on the market in the vertical (Figure 1 ). Hierarchy culture, is evidenced by large numbers of standardized procedures, multiple hierarchical levels and an emphasis on rule reinforcement. Market culture, is based on the transaction costs. Typical characteristics of clan-type firms were teamwork, employee involvement programs, and corporate commitment to employees. The adhocracy assumptions were that innovative and pioneering initiatives are what leads to success, and these organizations are mainly in the business of developing new products and services and preparing for the future. The major task of management is to foster entrepreneurship, creativity, and activity "on the cutting edge". With five exceptions in Brazil, all the interviews were carried out by the lead author. The data were used as continuous variables in mixed linear regression analysis such as those described by Bell and Jones [22] . For this, the eight parameters assessed were grouped into two major groups that focused on two concepts of innovation and the business [2, 11, 21] , which as described above are not necessarily competing.
We adopted the postulate for characterizing firms developed by Cameron and Quinn [16] , Crespel and Hansen [21] and Milner and Kubota [23] in the sense of considering the organizational environment of enterprises, and grouping the arguments of the Table 1 according to the dimensions laid down in four quadrants. These are administrative (bureaucratic) companies versus entrepreneurs in the horizontal shafts; and companies with a focus on the organization, or with a focus on the market in the vertical (Figure 1 ). Hierarchy culture, is evidenced by large numbers of standardized procedures, multiple hierarchical levels and an emphasis on rule reinforcement. Market culture, is based on the transaction costs. Typical characteristics of clan-type firms were teamwork, employee involvement programs, and corporate commitment to employees. The adhocracy assumptions were that innovative and pioneering initiatives are what leads to success, and these organizations are mainly in the business of developing new products and services and preparing for the future. The major task of management is to foster entrepreneurship, creativity, and activity "on the cutting edge".
In this sense, the arguments of the Table 1 , were regrouped to transform into a Likert scale format [11] , so that:
• Innovation ability and interest in innovation were related to the entrepreneurial dimension, related to an adhocracy company.
• Job satisfaction and the company's management were related to the administrative dimension, related to an hierarchy company, • Commitment to the organization and innovation strategy were related to the dimension of organization of the company, related to a clan company.
•
Results of the company and management of the company were related to the dimension of market, related to a market company. In this sense, the arguments of the Table 1 , were regrouped to transform into a Likert scale format [11] , so that:
• Job satisfaction and the company's management were related to the administrative dimension, related to an hierarchy company.
• Commitment to the organization and innovation strategy were related to the dimension of organization of the company, related to a clan company.
Results of the company and management of the company were related to the dimension of market, related to a market company.
So as noted in Table 1 and Figure 1 , we collected data from the contract loggers in the three countries that allowed us to obtain production and cost data, but more importantly for this research, to classify loggers' levels of management ability and innovation. Eight broad concepts were identified as adapted from Crespell and Hansen [22] . Interviewees' answers were transformed to a scale of success from 1 (worst) to 5 (best) in each individual concept. Some of these scaled responses were then used to estimate the interest of the loggers in innovation-the first four in Table 1 . Similarly, the last four concepts in Table 1 were used to estimate management skill. These scaled variables were then combined as independent variables to estimate the growth of contracting firms over the previous decade. Then, any surveyed company, would receive the ranking from 1-5 for each concept, and the sum for the first four concepts compose innovation values (20 maximum), and the last four concepts compose management skills values (20 maximum). Then the sum for each group was used as independent variables. Therefore, in the models tested below, two independent variables were composed, called innovation and business strategy.
According to the questionnaires, and in comparison with sectoral analyses, statistical data, and the evolution of the contractors, we analyzed by sector and by country, in time periods covering the last 5 and 10 years. Also, company age was considered in each period. This time period is congruent with the mechanization process in these countries, and with the expected life time of a forest machinery. The values of monthly average production in tons, and the number of employees were recorded for both periods for each month/year [9] . Also, for each period, it estimates of the innovation characteristics outlined in Table 1 were recorded in the interviews.
We used linear and linear mixed model approaches. The random effect of mixed models was parametrized in order to nest companies within the country to which they belonged. This was because the economic and political features specific of studied countries could determine companies' productivity, growth and performance. We parametrized some interaction between predictors variables based on previous exploratory graphs of raw data.
The collinearity between continuous variables was analyzed by conditional index. For this method, a conditional index ≥30 indicated collinearity for those variables with a proportion of variance-decomposition <0.90 (90%). The predictor variables used in our models lacked multicollinearity problem because no conditional index surpassed this threshold (See in Supplementary Materials Tables S1 and S2). Normality and homoscedasticity of models' residuals were visually inspected, as well as the presence of outliers. In this case of the productivity model, response variable (i.e., production in t/month) was transformed based on Napierian logarithm in order to meet the preview models' residuals assumptions. The significance of the predictor values was acceded by Wald chi-square tests. Because the data were unbalanced, and models accounted with interaction we used sums of square type III. Models were compared based on the Akaike Information Criterion (AIC). Analyses were conducted with the R programming environment v.3.5.0 [24] . We used the packages nlme [25] and lsmeans [26] to construct mixed and estimate models respectively, car [27] to perform Wald test, and perturb [28] to calculate the conditional index.
Four model types were evaluated.
• Model 1 is a linear model considering capital, number of employees, and companies' age as covariates. The fixed effects where contracting, mechanization and the time period-either 0 to 5 years before the survey, or 6 to 10 years before.
• Model 2 is a mixed linear model with capital, number of employees, and companies' age as covariates and the same fixed effects than Model 1.
• Model 3 added to the linear model 1 the random effects such as moment, innovation and business strategy-either as an independent firm or mutualistic relations with the wood consumer. These last two variables were composed from the results of surveys as mentioned in Table 1 .
• Model 4 is a mixed linear model, which included as random effects the moment, innovation and business strategy.
Results
The sampled companies produced an average of 17.7 million cubic meters per year, which represented 21% of the total production of all logging companies in the three countries (83 million cubic meters per year). In three countries, the greatest roundwood demand came from cellulosic (pulp and paper) companies, accounting for 83% of total demand. Sawmills, and medium enterprises, are more important in Uruguay (30%) and in Argentina (21.5%) than in Brazil (8%) [9] .
The production mixed models employed in our study, estimated the production of company contractors over time, as a function of capital and the number of employees. The capital investment was directly related to the amount of equipment that any contractor owned. Then the amount of capital increased through more mechanization, and the production increases at inflection points about 50,000 t/month and turns asymptotic at 100,000 t/month.
For the fixed effects, we used the dummies that were significant in the regression analysis, which are the type of contracting, the level of mechanization, and the period in their history, five or ten years ago. Regarding the type of contracting, we found that the contractors developed long contractual relationships with the contracting companies, enduring over time. As described above, the changes in mechanization also are associated with the number of employees (Table 2) . Table 2 . Results of the linear and mixed linear effect models for production (t/month) of contractors during the study period. The results of survey for innovation, showed that many companies include resources for research and development. Many contractors argue that they use research and development results to discuss the company strategy (Table 1 , Innovation strategy, Resources for R & D). Some of these are growing companies, but with two or three business units. In the other extreme, there were some companies that eschew innovation, and think that the best solution is buying the newest machine to come out.
Innovative logging companies do not always employ necessarily the ABC cost method or use more than one business strategy. We found many well-organized companies which were weak on innovation, and so did not have better growth.
Overall, for the logging contractors' production, Model 2 was the best when the AIC is considered. Between the covariates, the number of employees was significant in all models, but not the capital. The average value of the number of employees decreased when the mixed model with random effects was considered, but still remained significant. Among the fixed effects, mechanization and contracting were significant in all models. For the fixed effects models the period was significant either in the linear or in mixed linear model. When the random effects were included, the innovation was significant for both models, with interaction with the period (Table 2) . Table 3 presents contractor results for the logging companies´growth for the most recent five year period. The dependent response variable was the average tons produced per month and per year, which was obtained from the surveys. The models analyzed were the same four used than in the case of the production. Also, as in the previous case, better indicators were found for the Model 2, the linear mixed with fixed effects. In Model 2, only the number of employees was significant, with interaction with the contracting company. When the random effects were considered, the innovation and the number of employees were significant in the Model 4. This shows that for the logging contractors' growth capacities, the innovation was more important than the business skills. From the point of view of the objective raised in this paper, this is an important result, since it clearly helps to explain the effect of innovation. Table 4 presents the results for the period between 5 and 10 years before the surveys. In this period, Model 4 showed the lowest AIC, therefore it was the best model. Again, number of employees was significant for all the four models. However, contracting by employees or by capital was only significant for the fixed effects model.
During the earlier period neither innovation nor the ability to do business were significant, in contrast to the period from 0 to 5 years. The inclusion in the Model 3 and Model 4 improves indicators such as the AIC, but does not produce such pronounced effect as in the period from 0 to 5 years.
When the 10-year period as a whole is considered, it can be analyzed whether it is suitable to perform analysis for a decade or five-year period, and also to see if there is any change in results when considering the degree of mechanization 10 years ago and today (Table 5) .
Overall, there is an improvement in the indicators of the models by the incorporation of the random effects, particularly the innovation. The linear model with random effects (Model 3) showed the lowest AIC. However, when the fixed models were considered, the contracting company was significant ( Table 5 ).
The results of the growth of the last five years are perhaps best suited to predict what will happen in the next five. Or put another way, the intervals of five years, and no longer, are best suited to predict changes in the forest harvesting contractors sector. Table 4 . Results of the linear and mixed linear effect models for growth in production (t/month) in the period five to ten years. 
Discussion
This research analyzed the management and innovation effects on the production of logging contractors in the Sothern Cone countries of Argentina, Brazil, and Uruguay. This survey covered 21% of total production in this region, and a large sample of loggers in each country, obtaining data on production, costs, type of harvest, and type of contract. We assessed the management skills and innovation using a quantitative assessment that allowed us to find out the influence of Contractor Company and mechanization.
Loggers that had mutualistic, cooperative relations with contracting pulp and paper companies, as indicated by the business strategy variable, had the highest production rates and the lowest production costs per ton. This mutualistic relationship largely corresponds with behavior of forest sectors such as those in Oregon, Maine and Wisconsin (USA) and Scandinavia [2] [3] [4] [5] [6] . Other independent logging firms with many contracts with medium-sized contractors (sawmills) had lower production levels and higher costs per ton. The findings indicate that the stability of a largely single or quite limited long-term supply relationship did foster more profitable and competitive logging contractors [9] , rather than the typical independent and atomistic competition commonly posited as best for market success.
At best, what happened is that they added more contracts with other companies. This is consistent with that found for Finland [5] , for Sweden [2, 6, 13] , and for the USA [4, 8, 10] . The changes in mechanization were reflected in each period.
At this point it is important to mention that there were no differences in prices or in cost per ton between loggers working for sawmills or for pulp mills in the three countries [9] . Even in that survey the assorted log dimensions were not analyzed, and it should be noted that in the Southern Cone the sawmill logs are generally smaller than in the EU or the US. Also, trees from plantations are generally smaller, and rotation ages are shorter [9, 29] . In this context, we hypothesize that the cost or the price of logging service follows an oligopoly pulp market behavior.
In the three countries analyzed, there was a preponderance of logging companies that are contractors with large pulp and paper cellulose companies. Market conditions, such as price of services, wage levels, or input prices, were not as important in company performance as the possibility of increasing production and increased investment and capital. Innovation, mechanization with the highest technology, and pulp contracting companies produced the best production results.
Macroeconomic variables, such as interest rates, taxes, and access to credit, were not limiting for the development of contractors [9] . Thus, in Argentina and Brazil, with interest rates above 15% a year, and despite greater difficulties to access credit, important processes of mechanization were developed, which allowed them to obtain better cost results than those of Uruguay. The low taxes found in Argentina, as opposed to the high values of Brazil, did not affect the production activities of these contracting companies. This is particularly important, because the study period was coincident with the worldwide financial crisis of 2008, and it seems to not have been affected by logging companies' activities, for example in the acquisition of machinery.
Overall, the mutualist relationships between forest products companies and contract loggers, and in particular the possibility of increasing production contracts, have been more important than other factors such as macroeconomic conditions, or prices of wages, or inputs.
Our results indicate that a five-year period was more suitable to analyze mechanization processes than a 10-year period. When production is analyzed, the moment (period) was significant. And when each period was considered, different effects were significant.
In this research, the logging innovation capacities were more important than the business skills for production and growth. In comparison, other researchers focus on the framework organization or in the alignment with the pulp mill [2, 6] . Only a few focused on logging contractors as innovators, and developed semi-structured interviews to obtain qualitative results. The research in Maine, USA, follows the same innovation classification that is used in our study, and their study found that the most successful logging contractors were the most innovative in products or processes [11] .
The growth of a wood harvesting contractor was associated with the state of mechanization of the sector. The growth that occurred in the last five years analyzed was different from that which occurred in the previous five years. The percentage of mechanized companies varied considerably between these two periods. The percentage of mechanized companies was 17% between 5 and 10 years ago, rising to 41% at 5 years and reaching 95% in the current period. This would be demonstrating that today, mechanization is less a problem or challenge than it was a decade ago, and the big jump in mechanization occurred in the last 5 years. This is also corroborated with the average equipment age that the companies reported.
This analysis of the growth of harvesting contractors reflects the processes of mechanization in the forest sector of the Southern Cone. The findings of rapid mechanization are consistent with the earlier findings in different regions of the USA [1, 3, 11, 20, [29] [30] [31] [32] .
It is appropriate to signal that during the analyzed period, there were also changes in the employment rules and environmental aspects in the three countries. Sustainable forest management practices, and thus certification processes, are defining a new scenario in the Southern Cone, and the logging contractors are not an exception [29] .
Conclusions
To our knowledge, this is a unique research in three countries about logging contractors and their behaviour as independent or mutualistic. In the three countries, contractors working for pulp mills showed the better production and growth results.
The mechanization process observed in these three countries happened in periods of around five years each, linked to the lifetime of the machinery. Fully mechanized companies are bigger in production, and have greater growth than semi-mechanized companies. This mechanization process is strongly related with the reduction of the number of employees.
The innovation on process, products or markets was one of the most important factors that affects the logging companies' growth, and provides a way to differentiate best performers from poorer ones. Overall, our results extend those from prior research, mostly in the northern hemisphere and more developed countries. The results do show that the mechanization and innovation process has now been through the diffusion and adoption process throughout much of the plantation forestry sector in the Southern Cone, and that good management will lead to more profits there as in other parts of the world.
Supplementary Materials: The following are available online at http://www.mdpi.com/1999-4907/10/1/69/s1. Table S1 . Conditional index and proportion of variance-decomposition of continuous predictors variables used to construct production models. Table S2 . Conditional index and proportion of variance-decomposition of continuous predictors variables used to construct growth models for different time periods. 
